It has been more than 20 years since the first reports of synaptic activity-dependent transcription in neuronal cells (Greenberg et al., 1986; Morgan and Curran, 1986 ). In the intervening years, a substantial body of work has documented the association of regulated transcription with plasticity-inducing stimuli, described the crucial and selective role of calcium signaling pathways in neuronal transcriptional regulation, identified activityregulated transcription factors, and cataloged the list of activity-regulated genes (Qiu and Ghosh, 2008) .
A key idea to emerge from these studies is that a large subset of neuronal activity-regulated genes encodes products that either function directly at synapses or regulate synaptic function at a distance (Greer and Greenberg, 2008) . Since transcription can by regulated by synaptic activity and altered expression of synaptic proteins can change synaptic function, it is reasonable to assume that activity-regulated transcription plays an important role in synaptic development and synaptic plasticity. Yet it has proven challenging to provide direct experimental evidence to support this hypothesis in vivo. Knocking out an activity-regulated gene can demonstrate that its product contributes to synapse development or function, but the temporal relationship of this action to synaptic activity is lost. Similarly, knocking out a transcription factor can demonstrate the contribution of that factor to the program of activityregulated gene transcription, but as any single transcription factor contributes to the regulation of a large set of genes with a broad range of functions, it is difficult to draw a direct connection between transcription factor knockout phenotypes and the regulation of synaptic gene products.
Mechanisms of Activity-Dependent Bdnf Transcription
To address this gap in knowledge, Hong et al. (2008) (this issue of Neuron) engineered a series of knockin mice with the goal of selectively impairing activity-dependent transcription of Brain-derived neurotrophic factor (Bdnf). Transcription of Bdnf mRNA is robustly induced by neuronal activity in a manner that is highly correlated with synaptic development and plasticity, while BDNF protein has numerous effects on synapses during development and in adult animals, where it is capable of modulating both functional and morphological aspects of excitatory and inhibitory synapses (Lu, 2003) .
Transcriptional regulation of the nine exon Bdnf gene is complex; transcription can be initiated by at least eight promoters, each of which is regulated in a developmental, tissue-specific, and activity-dependent manner (Aid et al., 2007) . Regardless of the site of initiation, the first transcribed exon is spliced to form a bipartite mRNA with exon IX which contains the complete Bdnf coding sequence. That all Bdnf mRNAs encode the same protein suggests the complexity of the Bdnf gene primarily serves a regulatory role. Promoter IV of Bdnf has been particularly well studied both because it is highly and selectively induced by neuronal calcium signaling and because it is activated in paradigms of both developmental and adult synaptic plasticity. Through a series of promoter mutagenesis studies, three separate calcium-response elements (CaREs) have been mapped in Bdnf promoter IV. These elements are bound by at least four families of activity-regulated transcription factors (CREB, USF, CaRF, and MEF2) which selectively transduce the activation of calcium signaling pathways into the initiation of Bdnf exon IV transcription (Greer and Greenberg, 2008) .
In order to disrupt the activity-dependent component of Bdnf transcription in vivo, Hong et al. (2008) knocked a series of mutations into Bdnf promoter IV. In the first mouse line (TMKI) all three of the CaREs were mutated to sequences that block both CaRE activity and binding of the relevant transcription factors in vitro. In a second line (CREmKI), the authors mutated only one CaRE (CaRE3/CRE) in order to specifically uncouple Bdnf transcription from regulation by the activitydependent transcription factor CREB. In a third line, all transcription from Bdnf promoter IV was eliminated by deletion of about 440 bp encompassing the CaREcontaining region of promoter IV and most of exon IV. Finally, because knocking in these mutations required the authors to leave behind a loxP site in the intron following exon VII, the authors made a negative control line that contains the loxP site but has the wild-type sequence of promoter IV (Figure 1 ).
Promoter IV CaREs Are Required for Activity-Dependent Transcription In Vivo To assess the effects of promoter IV mutations on endogenous Bdnf transcription, Hong et al. (2008) was induced by membrane depolarization of cultured embryonic cortical neurons, by NMDA receptor activation in culture, or by sensory activity in vivo, validating that CaREdependent mechanisms of transcription are essential for activity-dependent regulation of this promoter in its native context. Importantly, mutation of the CaRE3/CRE binding site alone in the CREmKI line had no effect on basal expression levels of Bdnf exon IV mRNA as measured in the visual cortex of dark-adapted mice, indicating that animals in this line have selectively lost only the activity-inducible component of Bdnf exon IV mRNA expression.
Whereas Bdnf knockout animals show significant neurological deficits and die within the first few postnatal weeks (Huang and Reichardt, 2001) , the CREmKI knockin animals are fully viable, suggesting that a significant proportion of BDNF signaling remains intact. Consistent with the evidence that Bdnf promoter IV is relatively more active than other Bdnf promoters during development, activity-induced levels of total Bdnf mRNA reach only 30%-40% of wild-type levels in embryonic cultures of TMKI and CREmKI neurons, while they rise to nearly 50% of wild-type levels following synaptic activation in adult visual cortex (Hong et al., 2008) . Nonetheless, this partial impairment in Bdnf mRNA induction is functionally significant because CREmKI mice show a 50% reduction in the level of BDNF protein expressed in visual cortex following light stimulation. Taken together, these data suggest that the CREmKI mice offer a unique opportunity to study the biological effects of a subtle, temporally-restricted reduction in the induced levels of BDNF following neuronal activity in vivo.
Functions of Activity-Dependent
Bdnf Transcription Analyses of knockout mice have revealed that BDNF is required for sensory neuron survival, cerebellar patterning, axonal target finding, inhibitory interneuron maturation, maintenance of cortical dendrites, hippocampal plasticity, and prevention of age-related striatal degeneration (Huang and Reichardt, 2001) . Although exogenous application of BDNF can modulate the number and function of both excitatory and inhibitory synapses, loss-of-function experiments have indicated that endogenous BDNF is particularly important for GABAergic synapse development (Kohara et al., 2007) and structural plasticity (Genoud et al., 2004) . These findings have long suggested the intriguing hypothesis that a key function of activity-dependent BDNF expression may be to mediate homeostatic plasticity by altering the balance between excitation and inhibition in cortical networks.
If the activity-dependent component of BDNF is the key regulator of inhibitory synapses, then the selective deficit of induced Bdnf levels found in the CREmKI mouse should be sufficient to cause significant changes in the number of GABAergic synapses in these mice. Indeed, inhibitory synapse density is reduced in dissociated cultures of CREmKI neurons, while excitatory synapse density remains unchanged (Hong et al., 2008) . A selective reduction in GABAergic synapse number was also detected in vivo both by immunostaining and by recording inhibitory currents in acute slices of visual cortex from CREmKI mice. An interesting consequence of this reduction in inhibition is that synaptic activity-dependent induction of immediate-early genes is actually enhanced in the CREmKI mice. Thus, the data in the current paper provide strong new evidence that both CREB and BDNF contribute to homeostatic cortical network adaptations by inducing an activity-dependent increase in GABAergic synapses.
What are the neurological consequences of altering BDNF-dependent regulation of GABAergic synapses in the cortex? At first glance, the effects appear to be quite subtle. CREmKI mice have normal-looking brains, and they are grossly behaviorally indistinguishable from control loxP littermates (Hong et al., 2008 ). Yet small changes in circuit plasticity can have significant effects on complex behaviors. Quantitative alterations in the balance between cortical excitation and inhibition have been hypothesized to contribute to a number of neuropsychiatric diseases including Rett syndrome, schizophrenia, and autism (Dani et al., 2005; Lisman et al., 2008; Rubenstein and Merzenich, 2003) . Future studies that examine cognitive and social behaviors in the CREmKI mice may yield new insights in this direction.
Chromatin and Transcriptional
Regulation of Bdnf Promoter IV Transcription studies, including those that led to the successful identification of the Bdnf promoter IV CaREs, often rely on the evaluation of plasmid reporter genes that may contain no more than a few hundred base pairs derived from a gene promoter. Though this is a highly efficient way to identify essential regulatory elements, it 
